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Abstract 
Wright, Chelsea Jill M.S. Department of Biological Sciences, Wright State University, 2018. 
Anthropogenic noise alters avian community composition in temperate forests. 
 
Noise is an under-appreciated source of pollution that can influence the spatial distribution of 
birds. In this study, I examined how noise frequency and intensity (both background noise (kHz) and 
decibel levels (dB)) affected avian richness, density, and number of birds that sing with the same frequency 
as anthropogenic noise (low note frequency). I also examined the responses of two species in detail, the 
Eastern Wood Pewee and the Acadian Flycatcher, because they lack song plasticity. I examined whether 
they responded to noise by avoiding “noisy” areas or shifting their song frequency. I examined the response 
of bird communities to site, distance-from-edge, decibel level, and background noise. Decibel levels and 
distance-from-edge both influenced avian richness. Where decibel levels were high, avian richness 
increased with distance from edge. Where decibel levels were low, avian richness is highest at the edge and 
decreased towards the interior.  As decibel levels increased, avian richness decreased. Avian density 
differed among sites and in response to noise. As decibel levels increased, the avian density decreased. 
Germantown Metro Park site had a higher avian density than Blendon Woods and Huffman Metro Park. 
Avian density decreased as decibel level increased at both Blendon Woods and Huffman Metro Park. 
Avian density was unchanged at Germantown Metro Park, even with increasing decibel levels.  Decibel 
level and distance-from-edge influenced lowest note frequency.  Where noise intensity was highest, there 
was a corresponding increase in the lowest note frequency. There was a slight increase in lowest note 
frequency as distance-from-edge increased. The lowest note frequency was highest at the edge where noise 
intensity was greatest, and lowest at the edge were noise intensity was least. The distribution and lowest 
note frequencies of Eastern Wood Pewee and Acadian Flycatcher were not influenced by site, distance-
from-edge, background noise, or decibel level. Forest edge, decibel level, and background noise interact to 
shape avian communities.   
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I. Background 
Noise pollution, anthropogenic noise, and background noise can be chronic or 
intermittent. They are quantified in terms of frequency and intensity. Decibel (dB) is a 
measurement of sound intensity or signal strength (Brouček, 2014). The frequency is the 
pitch of the sound, which is measured in Hertz (Hz) or the number of vibrations per 
second.  Sounds higher in pitch have a higher frequency, producing more vibrations per 
second (Brouček, 2014).  
With the expansion of roadways and industrial activities, anthropogenic noise 
now affects an estimated 75 percent of Earth’s terrestrial surface (Francis et al., 2012). 
The growth of transportation networks has exceeded human population growth. Traffic 
on the United States roads tripled to 5 trillion vehicle km per year between 1970 to 2007, 
while the human population increased by a third (Barber et al., 2009). At least 83 percent 
of the USA’s forests are within 1 km of a road (Riitters & Wickham, 2003, Barber et al., 
2009). Automobiles produce 20 dB of noise, and trucks produces 40 dB of noise that 
extend 1 km from the road.  This exceeds the median of natural low-level frequency noise 
in most environments (Barber et al., 2009). Reijnen& Foppen (2006) reviewed the effects 
of noise pollution on breeding bird abundance. Birds had a threshold tolerance value of 
42-60 dB, and the noise effect extended 365 m from roadways. An increase of just 5 dB 
in background
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noise reduces the ability of mice and voles to hear predators, leading to decreases in 
species activity and habitat occupancy (Barber et al., 2009).  
The abundance of mammals and birds declines 1-5 km from anthropogenic noise sources 
(McClure et al., 2013; Rheindt 2003). Avian communities are susceptible to noise 
pollution, because birds rely on acoustic communication for mate attraction, predator 
detection, territory maintenance, rival assessment, extra-pair copulation, and male-female 
communication (Barber et al., 2009). Intra-species communication contributes to 
reproduction and survival. Interspecies communication, or eavesdropping, is also 
important. While communication is often thought to be a dyadic interaction (one signaler- 
one receiver), current thinking has shifted to include a third parties or eavesdroppers 
(Schmidt & Ostfeld, 2007). Eavesdroppers gather information from the communication 
between two or more other individuals. For example, Schmidt and Ostfeld (2007) showed 
that gray squirrels (Sciurus carolinensis) would alter their caching behavior in the 
presence of blue jays (Cyanocitta cristata) to reduce cache pilfering. The gray squirrel 
would eavesdrop on the communication between the blue jays to assess the site-specific 
risk of cache pilfering. Mukhin et al. (2008) showed that nocturnal migrating passerines, 
especially habitat specialists, use acoustic information to assess stopover habitat instead 
of directly sampling the area. This allows for more rapid habitat selection.  
While inter- and intraspecies communication is important for survival and 
reproduction, anthropogenic noise appears to interfere with these signal cues. Acoustic
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masking occurs when background or anthropogenic noise reduces the distance over 
which a signal can be received (Parris & Schneider, 2009). This occurs because the 
ability to perceive sound decreases as background noise increases (Blickley & Patricelli, 
2010).  The ability to detect and recognize sound depends on the signal-to-noise ratio 
(Brumm, 2004). Since birds rely on acoustic signals to communicate territorial 
boundaries and mate preference, they may avoid noisy areas. In a laboratory experiment, 
Swaddle and Page (2007) showed that the pair bond strength of monogamous zebra 
finches (Taeniopygia guttata) was reduced by high environmental noise. Females either 
had difficulty identifying mates, or pair bond maintenance calls were masked. This 
suggests females in noisy areas might copulate more frequently with extra-pair partners, 
which can alter the social dynamics in wild populations (Swaddle & Page, 2007).  Noise 
could exclude birds from suitable habitats because of acoustic masking. Habitats adjacent 
to roads may therefore be degraded by noise (Adam & Robinson 1996, Williford et al., 
2007).  
Diversity and abundance of birds generally decreases near roads (Francis et 
al.,2009; Francis et al., 2011; Francis et al., 2012; McClure et al., 2013; Parris & 
Schneider, 2009; Polak et al., 2013; Rheindt, 2003). In a study of passerines in boreal 
forest, Bayne et al. (2008) showed that bird density was 1.5 times higher in quiet areas 
compared to areas near a noise source. McClure et al. (2013) experimentally manipulated 
noise by creating a phantom road in a temperate forest with sound that could be turned on 
or off. Over half of the species studied were negatively associated with noise-on 
treatment; they were more abundant during the noise-off treatment. Most of the 
remaining species were not affected by the noise. Only Cassin’s finch was positively 
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associated with the noise-on treatment. Cedar waxwing and yellow warbler completely 
avoided the area during the noise-on season. Francis et al. (2012) showed that noise had 
an indirect positive effect on hummingbird pollination rates and an indirect negative 
effect on Pinus edulis seed dispersal and recruitment. This finding suggested that the 
western scrub-jay (Aphelocoma californica), a dispersal agent for P. edulis, avoids noisy 
areas whereas the black-chinned hummingbirds (Archilochus alexandri) thrive in noisy 
areas.   
 Species-specific responses account for the decrease in bird abundance and 
diversity near the roads (Francis et al., 2009; Francis et al., 2011; Rheindt, 2003). Some 
bird species can persist in the noisy roadside habitat, while others leave an otherwise 
suitable habitat. Typically, road noise does not exceed frequencies higher than 5 kHz. 
Birds have a vocal range of 2 to 9 kHz or higher (Rheindt, 2003). Specific species with 
lower-frequency calls (i.e. below 5 Hz) are masked by the noise pollution whereas 
species with higher-frequency signals would not experience acoustic masking (Francis et 
al., 2012; Francis et al., 2009; Francis et al., 2011; Polak et al., 2013; McClure et al., 
2013; Parris & Schneider, 2008; Rheindt, 2003). Francis et al. (2009, 2011) showed that 
species with low frequency signals tend to avoid noisy areas and species of birds with 
frequencies higher than the noise frequencies are less affected by noise. They showed that 
the black-chinned hummingbird (Archilochus alexandri) and house finch (Carpodacus 
mexicanus) were favored in noise treated areas, and the mourning dove (Zenaida 
macroura) and black-headed grosbeak (Pheucticus melanocephalus) favored the 
untreated areas (Francis et al., 2009). Francis et al. (2009) set their noise treatment to 5.0 
kHz to observe species-specific responses. Black-chinned hummingbirds can call in the 
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frequency range of 1.5- 12.0 kHz, but signals are usually above 5.0 kHz. House finches 
sing at higher frequencies because of urban adaption. Mourning dove signal frequency is 
5.0 kHz and black-headed grosbeak signal frequency is 1.5 to 4.0 kHz. These low 
frequencies overlap with the studies set frequencies, but also overlap with most 
anthropogenic noise of more than 2.0 kHz. Francis et al. (2011) also showed that species 
with song frequencies lower than 2.0 kHz avoided or had a negative relationship with 
anthropogenic noise and species with song frequencies more than 3.0 kHz had a positive 
relation or no affect at all.  
Some low frequency signaling species (< 5 Khz) acclimate to the masking effect 
by adjusting their singing behavior. These behaviors range from increasing frequency of 
song to singing at quieter times of the day (McClure et al., 2013; Francis et al., 2011; 
Polak et al., 2013). In urban areas, Fuller et al. (2007) reported that European robin 
(Erithacus rubecula) sang at night in areas that were noisy during the day. Great tits 
(Parus major) (Slabbekoorn & Boer-Visser, 2006) shifted to a higher frequency when 
background noise increased. Great tits in urban settings sing about 2.0 kHz higher than 
those in the forest setting (Slabbekoorn & Boer-Visser, 2006). The shift to a higher 
frequency might involve a tradeoff for reproductive success, but this needs further 
examination. Songbirds are not the only taxa affected by anthropogenic noise. Parris et al. 
(2009) showed that southern brown tree frogs (Litoria ewingii) and the common eastern 
froglet (Crinia signifera) increased their call frequency (kHz) to overcome acoustic 
masking by traffic noise. This increase in signaling frequencies could lead to 
unsuccessful reproduction though. Females prefer lower frequency calls, which indicate 
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larger, more experienced males. Changes from a normally low frequency signal to a 
higher frequency signal indicate a possible masking mechanism in play.  
Most studies on how noise pollution affects avian signaling features have been 
performed on oscines (suborder Passeri). Oscine songs are learned, and they are capable 
of adjusting their song in response to intermediate and long-term changes in background 
noise (McLaughlin & Kunc, 2013). The effect of noise pollution on suboscines (suborder 
Tyranni) is less understood. Suboscines innately develop their songs with seemingly little 
vocal plasticity. Evidence of a noise-dependent signal shift is lacking for this group. 
Francis et al. (2010) were one of the first to look into the vocal frequency changes of two 
suboscine tyrant flycatchers: the ash-throated flycatcher (Myiarchus cinerascens) and 
grey flycatcher (Empidonax wrightii) in response to anthropogenic noise. The ash-
throated flycatcher habitat occupancy was uninfluenced by noise, but in areas of greater 
noise pollution, individuals they vocalized at a higher frequency. Ash-throated 
flycatchers increased vocalizations by 2.0 kHz where there was loud background noise. 
By contrast, the grey flycatcher occupancy declined in areas of greater noise pollution, 
and their vocalizations were not influenced by the noise. Gentry et al. (2017) recently 
looked into how Eastern Wood-Pewee (Contopus virens) responded to noise by 
increasing their minimum frequency, similar to the ash-throated flycatcher. The Eastern 
Wood-Pewee is known to occupancy both forest edge and interior (Gentry et al., 2017; 
Hespenheide, 1971).  Since they shift their song in a similar fashion as ash-throated 
flycatcher, their habitat selection in probably not influenced by noise.  
 The Acadian flycatcher (Empidonax virescens), a suboscine, has not been 
examined in response to noise. Acadian flycatchers are usually found in the forest interior 
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(Mumford & Keller, 1984; Pieplow, 2017). Since they select habitat away from forest 
edge, their distribution is could be influenced by noise. If they are unable to alter the 
frequency of songs, they could respond to noise like they gray flycatcher (Francis et al., 
2010). Since suboscines responded differently to noise, specific-species responses need to 
be studied to understand the effects of noise on habitat selection. 
 This project had three aims: 
Aim 1: Determine the density and richness of avian species around anthropogenic noise.  
Hypotheses: The density and richness of birds will decrease at the survey points where 
anthropogenic noise is greatest. 
Alternative hypotheses: If there is no difference in the density or richness of bird among 
the point transects, then the birds in that area have adapted to the background noise, or 
anthropogenic noise in that area is not loud enough to mask avian acoustic signals. 
Alternatively, the individuals in the area could be singing at low background frequency, 
times of the day when anthropogenic noise is reduced, or they could be shifting their 
vocal frequency.   
Aim 2: Determine if there is a specific-species response to anthropogenic noise with 
respect to avian signaling frequency. 
Hypotheses: Species that vocalize at higher frequencies (> 5 KHz) will not be affected in 
areas closest to anthropogenic noise, and species that vocalize at lower frequencies (< 5 
KHz) will decrease in areas closest to anthropogenic noise.  
Alternative hypotheses: Lower frequency signaling species could have adapted a 
mechanism to overcome acoustic masking. Individual birds could be shifting their vocal 
frequency from a low to a higher vocal frequency.  
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Aim 3: Determine the habitat selection and singing frequency of the Eastern Wood 
Pewees and Acadian Flycatchers in response to anthropogenic noise. 
Hypotheses: Eastern Wood Pewee habitat selection will be uninfluenced by 
anthropogenic noise because they shift their lowest note frequency. 
Acadian Flycatcher avoid areas with high anthropogenic noise because they do not shift 
their lowest note frequency.  
Expect results: Habitat selection by the Eastern Wood Pewee will be unaffected by 
anthropogenic noise, because they modify their vocal frequency. Acadian Flycatcher 
song frequency will be unaffected because they will avoid areas with loud anthropogenic 
noise.  
Alternative results: If there is no shift in the Eastern Wood Pewee song, then the 
anthropogenic noise might not be not loud enough to mask the avian acoustic signal. 
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II. Methodology 
Study sites: 
I conducted this study within three Metro Parks in Ohio, each a temperate 
broadleaf deciduous forest in urban areas that are influenced by anthropogenic noise. 
Blendon Woods Metro Park (40.0620° N, 82.8775° W) contains 2.64e+6 m2 with various 
habitats within the system. The park contains open fields that are surrounded by beech-
maple and oak-hickory forest. A waterfowl refuge with Thoreau Lake is located in the 
park system to provide sanctuary for birds, especially ducks and other wildlife. Within 
the area there is a disk golf course and a bluebird box program with the boxes located in 
open fields.  The Metro Park is located near the State Route 161 and Interstate-270 
interchange in Franklin County. Traffic is estimated at 20,000- 25,000 vehicles per day 
(Transportation Data Management System).  
Huffman Metro Park (39.8101° N, 84.0871° W) is 1.15 e+6 m2 and is located near 
the State Route 4 and State Route 444 interchange in Greene County. Traffic is estimated 
at 20,000- 25,000 vehicles per day (Transportation Data Management System). Huffman 
Metro Park is located downward from the Huffman Dam, Huffman Prairie and Wright-
Patterson Air Force Base. There are many different habitats in the park, ranging from old 
growth forest located in the mountain bike trail area, to Huffman Lake adjacent to the 
Mad River. I conducted surveys in the mountain bike area. This area is on the other side 
of State Route 4 from the main park. It is dominated by sycamores and box-elder forest.  
Germantown Metro Park (39.6440° N, 84.4021° W) is 6.74 e+6 m2 and contains 
ravines, prairies, forest, and meadows. I conducted surveys near the Shimps Hollow 
Camp Grounds on Boomershine Road, which runs parallel to State Route 725 in 
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Montgomery County. Traffic on State Route 725 near Germantown Metro Park is 
estimated at 3,600- 5,000 vehicles per day (Transportation Data Management System).  
Both Huffman and Blendon Woods Metro Park sites are located near roads classified as a 
secondary highway. Germantown Metro Park is located adjacent to a State Route, but is 
surrounded by rural roads.  
Survey sites: 
Birds and noise were surveyed at 15 permanent points in each park, for a total of 
45 observation/ listening points. Surveys followed three transects, each parallel to the 
State Routes, with 5 sampling points on each transect. Combining the three sites, the row 
closest to the highway of 15 points (close points or C-points) is 60 m from the road, the 
next row (mid-points or M-points) are 260 m from the road, and the last row of 15 points 
are also the control points (far points F-points) are 460 m from the road. Each point 
center was at least 50 m from all other points (Appendix A, B, and C). Each point was 
established and mapped using a GPS receiver (Polaris Navigation GPS) in April. A 
reference tree was marked with flagging and a numbered metal coin for easy relocation. 
The GPS coordinates are provided in appendix D, E, and F. To account for edge effects, I 
measured the distances to the closest edge from the point center using Google Earth.  
Bird counts: 
All bird counts were performed from dawn to five hours after dawn. Surveys took place 
at 8-minute intervals, when weather was sunny and wind speeds were < 3.0 m/s. Each 
survey of a Metro Park was a single point count survey. I conducted 5-point count 
surveys per site. Only one point count survey was conducted per day. This yielded 
observations from 225 points (3 sites x 5 point count surveys x 15 points). The point 
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count surveys were conducted between May 8th and July 19th. I used a five-minute settling 
period after arriving at each point, during which no observations were made. To avoid a 
time-of-day effect, point count surveys started in different order each day. The route was 
in an S-shape method adapted from Polak et al.  (2013), so the route would be C-M-F, F-
M-C, etc. After performing the point count surveys from where the pervious count ended 
the day before, I started one point down from the original starting point and repeated. 
Point count surveys at all the sites were conducted in the morning during work weekdays 
by one experienced observer. I recorded the time the count started, species presence, the 
minute each individual bird was detected, and the method of detection (visual or 
auditory) within a 20 m radius of the survey point. I was restricted to a 20 m radius of 
detection because background noise that exceeds 45 dB can have a negative effect on the 
detection of birds within a 60 m radius (McClure et al., 2013). I recorded the birds 
present, bird vocalizations, and other noise at each site 5 times during the breeding 
season. My sampling effort per site was 600 minutes. I also recorded noise data during 
every point count as described below. If I was unsure of a song heard in the field, I made 
note of the song file and then later identified the species by matching it to known 
recordings. I used Kaleidoscope Pro Viewer (Wildlife Acoustics, Inc.) to isolate the 
spectrogram of the song, and then used Peterson Field Guide to Bird Sounds of Eastern 
North American to identify the species (Pieplow, 2017).  
Collecting and analyzing sounds and songs:  
 To determined background noise level at each point, I made an MP3 audio 
recording using Sony IC recorder during every count. All the MP3 files were later 
converted to WAV files.  I used Kaleidoscope Pro Noise Analysis to obtain the peak 
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frequency (in kHz) of background noise per point. I measured the decibel level using 
Sound Meter v. 3.2.6 (Abc Apps) on a Samsung Galaxy 7 Android phone. I recorded 
.wav audio files of each bird vocalization with a digital recorder (LS-100 Olympus Multi-
Track Linear PCM Recorder) and a directional shotgun microphone (Sennheiser) pointed 
directly at the vocalizing individual. The recordings were made using a sampling rate of 
48 kHz (Parris & Schneider, 2009; Francis et al., 2010; Francis et al., 2011).  I used 
Kaleidoscope Pro Cluster Analysis (Wildlife Acoustics, Inc.) to manually sort songs of 
specific species, creating a pure song sample of the vocalizing individual. I converted the 
.wav file into a spectrogram to measure: vocalization length (s), number of notes, peak 
frequency (kHz), frequency of the lowest note (kHz), minimum frequency (kHz), and 
maximum frequency(kHz). Every individual song or call bout was recorded, and only one 
individual per species at each point was recorded. If a species has more than one song 
type, I used the song that was most frequently heard during surveys. Individuals located 
in quiet and noisy areas respectively were recorded across all 45 points to determine if 
noise affected vocalization characteristics. I compared the lowest note frequency of bird 
songs to the peak frequency of the background noise because I expected the lowest note 
to experience the greatest degree of acoustic masking.  
Approach:  
Specific Aim 1: I conducted point counts for eight minutes at each of 45 points (15 
points per site) at different distances from an interstate highway (fifteen 60 m, fifteen 260 
m, fifteen 460 m). Each point per transect were at least 50 m apart from each other.	I 
mapped research sites and transects using GIS and a GPS receiver (Polaris Navigation 
GPS).  I marked a corresponding tree with a ribbon and a metal numbered coin to 
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indicate the point to conduct counts. I started collecting count data on the breeding birds 
May 8 and continued until mid-July. After a five-minute settling period, at each point I 
recorded the time, species detected, the minute it was detected, and the method of 
detection (visual or auditory) for each individual within a 20 m radius. I also recorded the 
frequency of background noise by using a Sony IC recorder. I later used Kaleidoscope 
Pro Noise Analysis to process the recording. I determined the decibel level using a 
Samsung Galaxy 7 Android cell phone with the sound level meter app version 3.2.6. I 
collected the mean decibel level during the 8-minute count. I used R-Studio software to 
compare the density and richness of birds at each point to different peak frequencies of 
background noise and to decibel levels to determine if there is was significant effect 
based on Generalized Linear Mixed Model.  
Specific Aim 2:  While obtaining count data, I recorded bird songs with a digital recorder 
using a directional shotgun microphone (Sennheiser). Different sites had at different 
levels of background noise with decibel levels. I either used Cluster Analysis within 
Kaleidoscope Pro to make spectrograms of each bird’s song to measure the lowest note 
frequency or I manually measured the bird’s song by using the spectrograms. By using R-
Studio software, I compared the lowest frequency note of the bird’s song to peak 
frequency of background noise, and to mean decibel levels per point to determine if the 
bird species with a lower song frequency were affected by noise pollution.  
Specific Aim 3: Similar to Aim 2 collection approach, I recorded all Eastern Pewee and 
Acadian Flycatcher songs with a digital recorder using a directional shotgun microphone 
(Sennheiser) at each point at different background noise as well as decibel levels. I used 
Kaleidoscope Pro to manually go through and identify songs to species. Then by using 
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the Cluster Analysis within Kaleidoscope Pro I was able to create a pure spectrogram and 
measure the peaks and duration of the songs. By using R-Studio software, I was able to 
compare the lowest frequency note of the bird’s song to peak frequency of background 
noise as well as decibel levels per point to see if the Flycatcher’s shifted their singing 
frequency in areas of higher background noise. 
Data analysis: 
Noise effect on richness  
To examine how avian community richness was affected by sound, I used a Generalized 
Linear Mixed Model (GLMM) in R with a Poisson link function.  This link log 
transformed the dependent variable to meet normality assumptions. I also define avian 
richness as species detected in an area of 314.2 m2, area of a single point observation. 
These GLMMs provided AIC scores for 20 different models (lme4 package; Bates et al., 
2015 and vegan package; Oksanen et al., 2016).  The dependent variable in each model 
was avian richness. The fixed variables were distance-from-edge, background noise 
(kHz), decibel levels (dB), and site. I treated site as a fixed variable because there are 
only three sites and variables with less than five levels, which can bias variance 
estimates. I therefore assume mean species richness per site were independent from one 
another, and shared a common residual variance (Harrison et al., 2018). I used the date 
that the point counts were conducted as a random effect, assuming that avian richness 
effect was not correlated with sampling date. I used the sjPlot package (Lüdecke, 2018) 
to visualize interactions between among variables and their individual effects to 
determine how each affected avian richness.  
Noise effect on bird density  
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I used a Generalized Linear Mixed Model with a Poisson link function to assess 
how bird density (the number of individuals detected in an area of 314.2 m2) is affected 
by unwanted noise. The Poisson link function log transformed the dependent variable to 
meet assumptions of normality. Through model selection, I was able to find the single 
best-fit model to support which factors measured can best explain avian density. I 
obtained AIC scores for 20 different models (lme4 package; Bates et al., 2015 and vegan 
package; Oksanen et al., 2016).  The dependent variable was bird density. The fixed 
variables were distance-from-edge, background noise (kHz), decibel levels (dB), and site. 
I kept site has a fixed variable because there are only three sites and variables with less 
than five levels can cause the variance estimates to be vastly imprecise. This approach 
assumes that mean bird density values per site are independent from one another, and 
share a common residual variance (Harrison et al., 2018). I used the date that the point 
counts were conducted as a random effect, assuming that avian richness effect was not 
correlated with sampling date. I used the sjPlot package (Lüdecke, 2018) to visualize 
interactions between among variables and their individual effects to determine how each 
affected avian density. 
Noise effect on flycatcher’s density  
To examine how density of Eastern Wood Pewee and Acadian Flycatcher are 
affected by sound, I constructed a Generalized Linear Mixed Model. I used AIC to find 
the single best-fit model to support which factors best explain Eastern Wood Pewee 
density and Acadian Flycatcher density. By using a Generalized Linear Mixed Model in 
R with a Poisson link function (Log transformation), I was able to obtain the AIC scores 
for 20 different models for both species (lme4 package; Bates et al., 2015 and vegan 
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package; Oksanen et al., 2016).  The dependent variable was the Eastern Wood Pewee or 
Acadian Flycatcher density, respectively. The fixed variables were distance-from-edge, 
background noise (kHz), decibel levels (dB), and site. I kept site has a fixed variable 
because there are only three sites and variables with less than five levels can cause the 
variance estimates to be vastly imprecise. I assumed that the Eastern Wood Pewee (and 
Acadian Flycatcher) density site means were independent and shared a common residual 
variance (Harrison et al., 2018). I used the date that the point counts were conducted as a 
random effect, assuming that Eastern Wood Pewee or Acadian Flycatcher density was 
not correlated with sampling date. I used the sjPlot package (Lüdecke, 2018) to visualize 
interactions between among variables and their individual effects to determine how each 
variable affected flycatcher density. 
Effects of noise effect on flycatcher’s song  
To examine how the Eastern Wood Pewee and Acadian Flycatcher songs are 
affected by multiple variables (distance-from-edge, background noise (kHz), decibel 
levels (dB), and site), I constructed multiple Linear models (R Core Team, 2016).  The 
dependent variable was Eastern Wood Pewee or Acadian Flycatcher density. Fixed 
variables were distance-from-edge, background noise (kHz), decibel levels (dB), and site. 
I used the package sjPlot (Lüdecke, 2018) to plot interactions among fixed variables, and 
to determine how these variables might affect the predicted lowest note frequency.  
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III. Results 
 Noise effect on richness 
 
Table 1. Model selection ∆ AIC score. Dependent variable is avian richness and the 
random variable is Date. * indicates an interaction between fixed variables and + 
indicates no interaction.  
 
Fixed variable  ∆ AIC score 
dB*edge +site 3.8 
dB*edge*site 7.8 
dB*edge*site*bg 24.8 
dB*edge*site +bg 9.8 
dB*edge+ site +bg 5.5 
dB+ edge +site +bg 14 
dB+ edge*site +bg 17.9 
dB+ edge + bg 13.1 
dB+ edge*bg 14.1 
dB*edge*bg 4.4 
dB*edge +bg 1.6 
site*edge +bg 46.6 
site+ edge+ bg 44.4 
site+ dB +bg 18.6 
site*dB + bg 5.5 
dB*edge 0.0 
site*dB 3.5 
dB+ edge 11.5 
site*dB + edge 2.6 
site + dB 186.6 
 
The best-fit Generalized Linear Mixed Model (GLMM) to detect the effect of 
noise on avian species richness contained only the interaction between decibel level and 
distance-from-edge. (Table 1). Both distance-from-edge and decibel level significantly 
affected avian richness, both individually and interactively (Fig. 1). As distance-from-
edge increased, avian richness increased (Z220 = -3.22, P = 0.001). As decibel level 
increased, avian richness decreased (Z220= -5.55, P<0.001). Their interaction was also 
significant (Z220= 3.63, P < 0.001).  Where decibel levels were highest, avian richness 
increased with distance from edge. Where decibel levels were low, the relationship 
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reversed, with avian richness decreasing with distance from edge (Fig. 4).  When 
examined individually, predicted avian richness decreased as decibel levels increased, 
and increased as distance from the edge increased (Fig. 2).  
 
 
 
 
Fig. 1.  The interaction between decibel level and distance-from-edge on avian richness 
per sampling point. The decibel levels (dB) values are the quartiles (lower, median and 
upper) calculated values. 
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Fig. 2. Predicted avian richness response per sampling point to decibel level and 
distances- from- edge. A marginal effect based on a Generalized Linear Mixed Model 
analysis above.  
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Noise effect on density 
 
Table 2. Model selection ∆ AIC score. Dependent variable is avian density and the 
random variable is Date. * indicates an interaction between fixed variables  and + 
indicates no interaction.  
 
 
 
The best-fit Generalized Linear Mixed Model predicting bird density contains the 
interaction term of decibel level and site (Table 2). Germantown Metro Park had the 
highest avian density (Z220= -4.967, P<0.001). As decibel levels increased, there was a 
decrease in avian density (Z220= -7.127, P<0.001). The interaction between Germantown 
Metro park and decibel level significantly affected avian density (Z220= 4.901, P<0.001). 
Avian density did not change with increase in decibel level at Germantown Metro Park. 
Fixed variable  ∆ AIC score 
dB*edge + site 14.5 
dB*edge*site 5.3 
dB*edge*site* bg 17.5 
dB*edge*site+ bg 7.1 
dB*edge+ site+ bg 16.4 
dB+ edge + site +bg 29.4 
dB+ edge*site+ bg 32.5 
dB+ edge + bg 33.9 
dB+ edge*bg 35.1 
dB*edge*bg 18.1 
dB*edge + bg 15.7 
site*edge + bg 115.8 
site+ edge +bg 114.3 
site+ dB +bg 30.3 
site*dB +bg 1.6 
dB*edge 13.7 
site*dB 0.0 
dB+edge 32 
site*dB+ edge 1.8 
site+dB 28.4 
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However, predicted avian density decreased as decibel level increased at both Blendon 
Woods Metro Park and Huffman Metro Park (Fig. 3).  
 
 
Fig. 3. The interaction between decibel level and site on bird density. 
The red line represents Blendon Woods Metro Park, the blue line represents Germantown 
Metro Park, and the green line represents Huffman Metro Park. 
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Increased decibel level led to a decline in predicted avian density. The predicted avian 
density was the lowest at Huffman Metro Park. Blendon Woods Metro Park and 
Germantown Metro Park has similar predicted avian density, with density at Germantown 
being slightly higher (Fig. 4).  
 
 
 
Fig. 4. Predicted avian density response to decibel level.  
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Germantown Metro Park had the lowest observed decibel levels (Fig. 5),whereas 
Blendon Woods and Huffman Metro Park has similar higher decibel levels. Avian 
density was similar across all sites (Fig. 6). 
 
Fig. 5. Average decibel levels at study sites. Blendon Woods Metro Park decibel level= 
49.9± 6.1, Germantown Metro Park decibel level= 35.2± 4.9, Huffman Metro Park 
decibel level= 49.4± 7.5.  
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Fig. 6. Average avian density at study sites. Blendon Woods Metro Park avian density= 
8.1± 3.8 birds per 314.2 m2 plot, Germantown Metro Park avian density= 10.2± 2.9 birds 
per 314.2 m2 plot,  Huffman Metro Park avian density= 8.8± 4.4 birds per 314.2 m2 plot.  
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Flycatcher density and song response to noise 
 
Generalized Linear Mixed Models revealed no measured fixed variables  
significantly affected either Eastern Wood Pewee or the Acadian Flycatcher density. In 
addition, multiple linear models failed to identify significant relationships between either 
flycatcher’s lowest note frequency and any variable analyzed.  
   
Noise effect on Avian song  
 
Multiple Linear Models revealed a significant effect of decibel level and a 
significant interaction between decibel level (dB) and distance from edge (dB*edge) on 
the lowest note frequency (kHz) (F3,1352 =32.65, R2= 0.066, P<0.001). Decibel level 
interacted with distance-from-edge to affect the lowest note frequency (t1352= -4.113, 
P<0.001). The predicted lowest note frequency was higher closest to the edge at the 
loudest decibel level, and the lowest note frequency decreased with an increase in decibel 
level at the furthest distance-from-edge (Fig. 7). 
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The predicted lowest note frequency was the lowest closest to the edge at the lowest 
decibel level, and it increased as decibel level increased and at the closest distance-from- 
edge  (Fig. 7). The distance-from-edge and decibel levels are negatively correlated F1,223 
=58.97, R2= 0.2056, P<0.001 (Fig. 8).  
 
 
Fig. 7. An interaction plot that show the effect of decibel level and distance-from-edge on 
avian song lowest note frequency (kHz). The distance-from-edge (Meters) values are the 
quartiles (lower, median and upper) calculated values.  
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Fig. 8. Distance- from-edge influence on decibel level in three Metro Parks across Ohio. 
n= 225 decibel levels. R2= 0.2056, P<0.001.  
 
When decibel levels increased, there was an increase in lowest note frequency (t1352= 
7.00, P<0.001; Fig. 9). When distance-from-edge increased, there is a slight increase in 
lowest note frequency (t1352= 4.08, P<0.001; Fig. 9).  
 
 
	
	 28	
 
 
Fig. 9. Predicted avian song lowest note frequency (kHz) response to decibel level and 
distance from the edge. 
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IV. Discussion 
Noise effect on richness   
Decibel level had a larger effect on avian richness than background noise. 
Distance-from-edge also affected avian richness, although this partially reflected changes 
in noise pollution. Consistent with other studies, avian richness decreased as decibel 
levels increased (Francis et al., 2011,2012,2013; McClure et al., 2013; Rheindt et al., 
1995; Rheindt, 2003). Goodwin & Shriver (2010) found reduced avian richness and 
densities where decibel levels were between 44-57 dB. The species that avoided these 
loud areas and had overall lowest song frequency (e.g. Yellow-bellied cuckoo and White-
breasted Nuthatch) were ten times more likely to be found in quieter areas than in noisy 
areas. These findings suggest that species are responding to acoustic masking by avoiding 
loud areas. 
Edge effects also contribute to the decrease in avian richness. As distance-from-
edge increased, avian richness also increased. Wiacek et al. (2015) reported that avian 
richness was not influenced by noise pollution along railroad lines, but by edge effects. 
Increased arthropod availability near edges can outweigh noise pollution and attract 
insectivorous birds to edges (Helldin and Seiler, 2003). The interaction between decibel 
level and distance-from-edge reveals that both edge habitat and reduced noise pollution 
affect avian richness. In this study, species richness is highest in quiet areas closest to the 
edge, but decreases as distance from the edge increases. Species richness is lowest in loud 
areas close to the edge, and increases with distance from the edge. Edge is a factor in this 
study and the quieter edges need to better understood to see if edge should be considered 
in conservation efforts. Even though there are deleterious consequences associated with 
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edge effect, especially indirect biological effects (nest predators and brood parasites) 
(Murcia, 1995), it may be worth looking into quiet edges while controlling for the 
negative consequences of edge. As habitats are becoming more fragmented and isolated, 
habitat edge is an important element in most forest systems (Sisk & Battin, 2002).  Bird 
communities at edges can use both habitats on either side of the edge (Scheider et al., 
2015). I examined the difference in distance-from-edge without considering what habitat 
was adjacent to the forest edge. Comparing richness, density, and avian assemblages of 
the different edge systems, such as forest-road, forest-field, and forest-infrastructure 
development, would help better disentangle the impacts that edge habitat and noise 
pollution can have on the avian community. Since Metro Parks are urban forest 
ecosystems surrounded by roads, fields or open areas and infrastructure, it would be 
beneficial explore how the different habitat elements influence density, richness, and 
species composition at the forest edge (Sisk et al.,1997).  
Noise effect on density  
The distribution of avian density was only affected by decibel level. When decibel levels 
increased, the avian density decreased. Bottalico et al. (2015) found that decreases in 
avian density were higher in places where decibel levels were as high as 45-47 dBA (A-
weighted decibel level). This weighted decibel level measurement is an expression of 
comparative loudness of sounds in air that is perceived by the human ear. A-weighted 
decibel values of sounds at low frequencies are reduced, compared to unweighted 
decibels (dB).  Decreases in avian density likely occur because birds leave sites where 
their signals or songs are being masked by the increase in background noise. Other 
studies have found similar relationships between background noise and breeding bird 
	
	 31	
density (Bayne et al.,2008; Dutilleux, 2012; Francis et al. 2001; Reijnen et al.,1995). 
Bayne et al. (2008) found that total avian density in quieter areas was 1.5 times higher 
than areas near noise-producing energy sites.  My results showed   that Germantown 
Metro Park had the highest avian density relative to Blendon Woods and Huffman. 
Germantown Metro Park was the quietest site, so the interaction between site and decibel 
levels influenced avian density. Germantown Metro Park points were farther away from 
the State Route than the other two Metro Parks because of a large clearing between the 
State Route and the forest edge. Distance from the road and the lack of human activity in 
the area limited noise pollution at Germantown. Breeding bird density at Germantown 
Metro Park was 15% higher than Blendon Woods Metro Park and 26% higher than 
Huffman Metro Park. Blendon Woods has a parking lot and a long entrance road. These 
contribute to the increase in decibel levels of background noise. Huffman is located 
directly adjacent to Wright Patterson Air Force Base, and has mountain bike paths 
throughout the area. Generalized Linear Mixed Model (Fig. 6) predicted that avian 
density would not change with an increase in decibel level at Germantown Metro Park. 
These models predict that the avian density throughout Germantown Metro Park 
remained the same even with increased decibel. Since decibel levels are not influencing 
the avian density in Germantown Metro Park, the abundance of insects could be a factor. 
Muñoz et al. (2015) found that insect abundance and body size decreased in areas closer 
to roads. The abundance of insects could be a factor in the density of breeding birds and 
should be considered a variable in future research. 
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Noise effect on flycatcher’s density and lowest note frequency  
The density of both Eastern Wood Pewee and Acadian Flycatcher were not 
influenced by any variables studied (distance-from-edge, background noise (kHz), 
decibel levels (dB), and site). The Eastern Wood Pewee utilize all areas of the forest, 
from interior to edge habitat (Gentry et al., 2017; Hespenheide, 1971; Pieplow, 2017). I 
predicted the Eastern Wood Pewee distribution would be explained by the plasticity in 
their lowest note frequency, which did not hold true. The lowest note frequency was not 
influenced by any variables studied. Gentry et al. (2017) found the opposite effect, where 
the Eastern Pewee adjusted their songs where traffic noise was greater. This study was 
conducted near an 8-lane road system used by more than 200,000 cars daily. My study 
was near road systems used by only 20,000 cars daily. The noise in my study may not 
have been loud enough to cause a masking effecting on the Eastern Wood Pewee song. In 
addition, Gentry et al. (2017) looked at multiple song features: bandwidth, lowest note 
frequency, and song duration. They found that in noisy places Pewees alter their song by 
reducing bandwidth and increasing the minimum frequency, which is supported by other 
studies (Patricelli & Blickley 2006; Shannon et al. 2015). The increase in minimum 
frequency and decrease in bandwidth interact, which increases the tonality. This 
adjustment can improve signaling detectability and reduces masking in loud areas (Wiley 
2006; Lohr et al. 2003). Looking at multiple song features should be considered for future 
studies. Song adjustment depends on the noise level at the time of the song, so it is 
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important to look at the background noise level at the time of the song instead of the 
average background noise in the area (Gentry et al., 2017).  
 I expected Acadian Flycatcher to stay far from the edge because they prefer the 
interior area of the forest. The edge would typically have the highest background noise, 
so their song should be affected by background noise. Distance-from-edge did not affect 
their distribution, and their lowest note frequency was not influenced by any variable. 
The Acadian Flycatcher song has a frequency range of 2.0-6.0 kHz (Pieplow, 2017), and 
the recorded Acadian Flycatcher at our study site had a minimum frequency above 2.8 
kHz. Species with a frequency above 2.5 kHz are not usually affected by increased noise 
pollution (McClure et al., 2013). For Acadian Flycatcher, habitat feature such as ravines, 
swamps, and small streams should be measured because they tend to reside in those areas 
(Mumford & Keller, 1984; Pieplow, 2017).  
Noise effect on song  
Lowest note frequency of the avian community was influenced mainly by decibel 
level and less so by the distance from the edge. The interaction of the two variables 
seems to explain the distribution of the lowest note frequency in the avian community. In 
this study an increase in decibel level and amplitude were associated an increase in avian 
song lowest note frequency. This trend has been observed in many other studies (Francis 
et al., 2012; Francis et al., 2009; Francis et al., 2011; Polak et al., 2013; McClure et al., 
2013; Parris & Schneider, 2009; Rheindt, 2003). Further study is needed to determine if 
all birds shift their lowest note frequency, or if shifts are species-specific. Birds with 
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lower frequencies avoid noisy areas and birds with higher frequencies are not 
influenced by noise. My results probably reflect lower frequency species avoiding noisy 
areas, and higher frequency species thriving in the area. For example, the Northern 
Cardinal switched from their normal low frequency song to their high-pitched chip to 
locate their partner in noisy areas. Further analysis is needed to see if the Northern 
Cardinal switches from their lower pitched song to a higher pitched song in the presence 
of high anthropogenic noise. Francis et al. (2011) showed that species with song 
frequencies lower than 2.0 kHz avoided areas with anthropogenic noise, whereas species 
with song frequencies more than 3.0 kHz were positively correlated with noise or did not 
respond to at all.  
Increased distance-from-edge caused a slight increase in lowest note frequency. 
The interaction between the two variables (distance-from-edge and decibel level)  on 
lowest note could explain why the increase in distance-from-edge had a small effect. The 
lowest note frequency was lowest when decibel levels were lowest. Lowest note 
frequency also decreased with distance-from -edge. The highest minimum note frequency 
coincided with the highest decibel levels. Because the minimum note frequency 
decreased as the distance-from-edge increased, edge effects are a factor in lowest note 
frequency. Both edge habitat and noise pollution influence birds that vocalize at low 
frequencies. However, just 6.6% of the model variation can be explained by these factors 
and their interactions. This suggests the factors studied and measured had only minimal 
effect on the lowest note frequency. Additional sources of variation might include 
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detection error and sampling error that can occur where songs overlap (Gentry et 
al. 2017). Additionally, high decibel levels could have masked the lowest note of each 
species during analysis.  
Conclusion 
Noise pollution affects the avian community through multiple mechanisms that 
are difficult to isolate. Distance-from-edge, decibel levels (dB), and site, each influenced 
avian richness, density, and lowest note frequency. Surprisingly, background noise (kHz) 
had no measurable influence on avian richness, density, or lowest note frequency. 
Decibel level, distance-from-edge, and their interaction influenced both both avian 
richness and lowest note frequency. The interaction between decibel level and site 
influenced avian density. Neither Eastern Wood Pewee nor Acadian Flycatcher were 
influenced by any variable studied. This study revealed the importance of both edge 
habitat and noise pollution in affecting avian communities. Additional studies are needed 
to better understand the how noise pollution affects on birds at the local level.  
Future studies should compare the lowest note frequency to background noise at 
the time of singing. This would better estimate impacts than just measuring average 
background noise (Gentry et al.,2017). In addition, studies of individuals species and 
their responce to noise pollution should be more powerful than community-level 
responses (Francis et al.,2009; Polak et al., 2013). Future studies should analyze 
vocalization bandwidth, duration, and highest peak to determine how these features 
change in response to noise pollution (Gentry et al., 2017). In my study I only recorded 
vocalizations for 8 minutes per point. Future studies that are able to take advantage of 
automatic acoustic recording devices will yield more robust results. It will both allow for 
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a larger sample size, and make it easier to compare the background noise at the time of a 
bird’s signaling (Gentry et al., 2017).  
I would advise future researchers to measure as many habitat features as possible, 
such as the presence of ravines and streams, forest age, and adjacent forest edge habitats 
(Sisk et al.,1997). Measuring these factors could aid in understanding avian spatial 
distributions associated with noise pollution. I would also suggest removing edge effects 
as a confounding factor. This would help clarify whether noise is a driver of changes in 
the avian community, or whether such changes are due to edge effects. McClure et al. 
(2013) made an artificial road and introduced noise to a population of birds. They did this 
in the middle of a continuous forest system, which is the ideal site for noise pollution 
studies. This allowed them to isolate noise pollution from other confounding factors. 
 Increasing the number of sites and samples within sites should increase the effect 
size and lead to stronger patterns. Lastly, the change in ∆ AIC score should be considered 
when analyzing the variables effects on the avian community. I only looked at the lowest 
∆ AIC score, but many other models were less than 2 or 4. The models with a slight 
change could still provide plausible explanations for the patterns observed(Burnham et 
al., 2011). 
An interesting finding in this study shows that more research is needed on quiet 
edge habitat and significance it may have on breeding bird (Scheider et al., 2015). A 
better understanding of noise pollution can help predict the indirect effects of noise on 
ecological dynamics. For example, lower reproductive success (Slabbekoorn & Boer-
Visser, 2006) could decrease avian population sizes, reducing seed dispersal (Francis et 
al.,2012; Polak et al., 2013), and alter bird behavior (Barber et al., 2009; Swaddle & 
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Page, 2007). Noise pollution is an under-appreciated environmental problem. Concerns 
about noise pollution increased because the U.S. National Park Service (NPS) established 
The Natural Sound Program in 2000. This program was established to protect natural 
sounds and to understand the effects of excessive noise on wildlife (Lynch et al., 2011). 
This study built upon a body of research into noise pollution impacts on wildlife. This 
study also aided in breeding bird conservation by monitoring the species that breed in 
Ohio within the local Metro Parks. This study is one of the only studies on noise impact 
on the avian community in Ohio
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Appendix A.  
Blendon Woods Metro Park Study Site Set up  
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Appendix B. 
Huffman Metro Park Study Site Setup  
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Appendix C. 
Germantown Metro Park Study Site Setup  
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Appendix D 
GPS coordinates of sampling points obtained from Google Maps for Blendon Woods 
Metro Park 
Point Number Latitude Longitude 
1256 40.079369 -82.886842 
1257 40.079369 -82.886222 
1258 40.079369 -82.885661 
1259 40.079369 -82.885056 
1260 40.079340 -82.884336 
1261  40.077567 -82.884444 
1262 40.077567 -82.885056 
1263 40.077567 -82.885661 
1264 40.077567 -82.886222 
1265 40.077567 -82.886842 
1266 40.075825 -82.884444 
1267 40.075825 -82.885056 
1268 40.075825 -82.885661 
1269 40.075825 -82.886222 
1270 40.075912 -82.886842 
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Appendix E 
GPS coordinates of sampling points obtained from Google Maps for Huffman Metro 
Park. 
 
 
 
 
Point Number Latitude Longitude  
1271 39.808117 -84.092597 
1272 39.809908 -84.092683 
1273 39.811703 -84.092789 
1274 39.808492 -84.092208 
1275 39.810294 -84.092306 
1276 39.812106 -84.092422 
1277 39.808850 -84.091861 
1278 39.810694 -84.092019 
1279 39.812472 -84.092150 
1280 39.809211 -84.091478 
1281 39.811067 -84.091653 
1282 39.812869 -84.091789 
1283 39.809536 -84.091081 
1284 39.811386 -84.091242 
1285 39.813189 -84.091281 
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Appendix F 
GPS coordinates of sampling points obtained from Google Maps for Germantown Metro 
Park. 
 
 
 
 
Point Number Latitude Longitude 
1286 39.630161 -84.429097 
1287 39.631989 -84.429097 
1288 39.633794 -84.429097 
1289 39.630161 -84.428589 
1290 39.631989 -84.428589 
1291 39.633794 -84.428589 
1292 39.630161 -84.427989 
1293 39.631989 -84.427989 
1294 39.633794 -84.427989 
1295 39.630161 -84.427389 
1296 39.631989 -84.427389 
1297 39.633794 -84.427389 
1298 39.630161 -84.426750 
1299 39.631989 -84.426750 
1300 39.633794 -84.426750 
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Appendix G. 
Number of each species encountered per transect at each study site (community data) 
 
 
 
 
 
 
 
 
BLJA= Blue Jay, EATO= Eastern Towhee, NOCA= Northern Cardinal, DOWO= Downy 
Woodpecker, REVI= Red Eyed Vireo, AMCR= American Crow, CARW= Carolina 
Wren, FISP= Field Sparrow, HOWA= Hooded Warbler, SUTA= Summer Tanager, 
CACH= Carolina Chickadee, AMRO= American Robin, TUTI= Tufted Titmouse, 
WBNU= White-breasted Nuthatch  
 
 
 
 
Site	 BLJA	 EATO	 NOCA	 DOWO	 REVI	 AMCR	 CARW	 FISP	 HOWA	 SUTA	 CACH	 AMRO	 TUTI	 WBNU	
Blendon	 35	 21	 101	 57	 37	 6	 37	 2	 16	 4	 43	 34	 38	 30	
Close	 7	 4	 31	 11	 10	 2	 5	 1	 0	 0	 8	 13	 4	 1	
Middle	 15	 5	 37	 24	 17	 4	 10	 0	 11	 4	 10	 13	 16	 7	
Far	 13	 12	 33	 22	 10	 0	 22	 1	 5	 0	 25	 8	 18	 22	
Huffman	 28	 35	 90	 49	 48	 1	 90	 3	 0	 4	 30	 65	 48	 30	
Close	 9	 7	 31	 5	 6	 0	 14	 0	 0	 0	 2	 21	 9	 1	
Middle	 7	 20	 23	 16	 22	 0	 32	 1	 0	 1	 14	 24	 17	 10	
Far	 12	 8	 36	 28	 20	 1	 44	 2	 0	 3	 14	 20	 22	 19	
German	 21	 84	 55	 34	 29	 8	 56	 1	 26	 5	 12	 48	 48	 32	
Close	 6	 30	 17	 7	 9	 0	 21	 0	 17	 0	 3	 21	 14	 19	
Middle	 7	 35	 19	 10	 11	 4	 14	 0	 6	 4	 7	 12	 20	 5	
Far	 8	 19	 19	 17	 9	 4	 21	 1	 3	 1	 2	 15	 14	 8	
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Appendix G. cont.  
Community data  
 
CHSP=Chipping Sparrow, WOTH= Wood Thrush, WEVI= White eyed Vireo, 
OVEN=Ovenbird, RBWO= Red Bellied Woodpecker, PIWO= Pileated Woodpecker, 
GRCA= Gray Catbird, EAWP= Eastern Wood Pewee, HOSP= House Sparrow, PRWA= 
Prairie Warbler, YBCU= Yellow Bellied Cuckoo, RTHU= Ruby Throated Hummingbird, 
YEWA= Yellow Warbler 
 
 
 
 
 
 
 
  
 
 
Site	 CHSP	 WOTH	 WEVI	 OVEN	 RBWO	 PIWO	 GRCA	 EAWP	 HOSP	 PRWA	 YBCU	 RTHU	 YEWA	
Blendon	 4	 1	 1	 5	 21	 1	 18	 43	 2	 1	 1	 2	 9	
Close	 1	 0	 0	 0	 1	 0	 0	 8	 2	 0	 0	 2	 5	
Middle	 2	 1	 1	 3	 3	 1	 0	 16	 0	 1	 0	 0	 0	
Far	 1	 0	 0	 2	 17	 0	 18	 19	 0	 0	 1	 0	 4	
Huffman	 1	 0	 0	 1	 27	 4	 14	 32	 0	 8	 1	 0	 2	
Close	 0	 0	 0	 0	 0	 1	 2	 3	 0	 0	 0	 0	 1	
Middle	 1	 0	 0	 0	 12	 1	 3	 11	 0	 8	 0	 0	 0	
Far	 0	 0	 0	 1	 15	 2	 9	 18	 0	 0	 1	 0	 1	
German	 0	 2	 7	 0	 32	 13	 37	 54	 0	 3	 19	 0	 7	
Close	 0	 0	 1	 0	 11	 3	 3	 25	 0	 1	 5	 0	 2	
Middle	 0	 0	 5	 0	 9	 3	 10	 17	 0	 1	 6	 0	 2	
Far	 0	 2	 1	 0	 12	 7	 24	 12	 0	 1	 8	 0	 3	
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Appendix G. cont. 
Community data  
 
 
 
 
Site	 INBU	 EABL	 RSHA	 MODO	 ACFL	 COYE	 COGR	 HOFI	 MAWA	 NOPR	 SCTA	 OROR	 RWBL	 BAOR	
Blendon	 2	 1	 5	 1	 5	 1	 1	 2	 0	 0	 0	 0	 0	 0	
Close	 2	 1	 0	 0	 1	 0	 0	 1	 0	 0	 0	 0	 0	 0	
Middle	 0	 0	 5	 0	 1	 0	 0	 1	 0	 0	 0	 0	 0	 0	
Far	 0	 0	 0	 1	 2	 1	 1	 0	 0	 0	 0	 0	 0	 0	
Huffman	 0	 0	 0	 0	 14	 1	 0	 2	 1	 2	 2	 1	 1	 2	
Close	 0	 0	 0	 0	 0	 0	 0	 1	 0	 1	 0	 0	 0	 2	
Middle	 0	 0	 0	 0	 3	 0	 0	 1	 0	 1	 2	 1	 0	 0	
Far	 0	 0	 0	 0	 11	 1	 0	 0	 1	 0	 0	 0	 1	 0	
German	 0	 0	 1	 20	 39	 8	 5	 0	 0	 1	 5	 0	 0	 0	
Close	 0	 0	 0	 2	 13	 0	 3	 0	 0	 1	 2	 0	 0	 0	
Middle	 0	 0	 0	 9	 8	 3	 0	 0	 0	 0	 2	 0	 0	 0	
Far	 0	 0	 1	 9	 17	 5	 2	 0	 0	 0	 1	 0	 0	 0	
 
INBU= Indigo Bunting, EABL= Eastern Bluebird, RSHA= Red=shoulder Hawk, 
MODO= Mourning Dove, ACFL= Acadian Flycatcher, COYE= Common Yellow 
Throat, COGR= Common Grackle, HOFI= House Finch, MAWA= Magnolia Warbler, 
NOPR= Northern Parula, SCTA= Scarlet Tanager, OROR= Orchard Oriole, RWBL= 
Red-winged Blackbird, BAOR= Baltimore Oriole 
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Appendix G. cont. 
Community data  
 
 
 
 
Site	 HAWO	 BHCO	 AMGO	 KEWA	 NOFL	 BBCU	 WOWA	
Blendon	 1	 0	 0	 0	 0	 0	 0	
Close	 1	 0	 0	 0	 0	 0	 0	
Middle	 0	 0	 0	 0	 0	 0	 0	
Far	 0	 0	 0	 0	 0	 0	 0	
Huffman	 2	 4	 2	 0	 0	 0	 0	
Close	 0	 4	 0	 0	 0	 0	 0	
Middle	 1	 0	 0	 0	 0	 0	 0	
Far	 1	 0	 2	 0	 0	 0	 0	
German	 2	 3	 1	 10	 4	 1	 1	
Close	 0	 0	 0	 9	 0	 1	 0	
Middle	 1	 0	 1	 0	 1	 0	 0	
Far	 1	 3	 0	 1	 3	 0	 1	
 
HAWO= Hairy Woodpecker, BHCO= Brown Headed Cowbird, AMGO= American 
Goldfinch, KEWA= Kentucky Warbler, NOFL= Northern Flicker, BBCU= Black Billed 
Cuckoo, WOWA= Worm-eating Warbler  
 
 
